BACKGROUND AND PURPOSE: Surgical treatment of VA-PICA dissecting aneurysms is difficult and complication of LCNP is common. These lesions can be approached easily with endovascular technique, but complete obliteration can only be achieved in a small number of cases. Our aim was to report the clinical outcomes of VA-PICA dissecting aneurysms treated by endovascular embolization.
F
ew articles have been published describing patient outcome after treatment of a VA-PICA aneurysm.
1 VA-PICA aneurysms present difficult treatment challenges. [1] [2] [3] [4] Proximal or parent artery occlusions, trapping procedures, and clip reconstructions are surgical techniques used to treat aneurysms that are not amenable to direct clip application. [5] [6] [7] Endovascular options include parent vessel coil occlusion, stent placement, or combinations of coil and stent therapies. 6, 8 However, to our knowledge, the results of long-term endovascular series for treatment of patients with VA-PICA aneurysms are not yet available. In this study, we report our clinical outcomes of ruptured and unruptured VA-PICA aneurysms.
Materials and Methods

Patients and Techniques
Between 2001 and 2007, we treated 63 patients with arterial aneurysms confined to the VA, whereas 22 (35%) patients had aneurysms involving the VA-PICA, and these cases are considered in this article. The 22 patients included 15 men and 7 women who ranged from 12 to 59 years of age (mean age, 43 years). No patient had a history of head trauma. Diagnosis was based on clinical presentations and findings of radiologic examinations, including CT scanning, MR imaging, and cerebral angiography. Intramural thrombus on T1-weighted images and intimal flaps on T2-weighted images were major findings indicating a dissecting aneurysm (Fig 1) . All patients underwent cerebral angiography, which demonstrated such typical results as double lumen, tapered narrowing or occlusion with or without aneurysm dilation, and retention of contrast medium. A sequential change in luminal configuration also supported a diagnosis of dissection. In 16 patients with ruptured VA-PICA dissecting aneurysms, 6 were treated with VA occlusion (detachable balloons in 2 patients and detachable coils 4 patients), and 10 were treated with stent deployment with or without additional coil embolization. In 6 patients with unruptured dissecting aneurysms, 2 were treated with VA occlusion by using detachable balloons and 4 were treated with stent deployment with or without additional coil embolization.
All patients were reviewed with respect to clinical data, serial radiologic imaging, treatment, and functional outcome. Postoperative angiography was classified as follows: complete, subtotal, or incomplete. Results of follow-up angiography were also classified in the same way, and clinical outcomes were evaluated according to GOS scores. The patients with SAH were evaluated according to the HH scale.
All procedures were performed or supervised by the senior author (Z.W.). They were performed in the neurointerventional suite via the transfemoral arterial route with the patient under general anesthesia with full systemic heparinization to maintain the activated clotting time around twice the base value. Stents were used for unruptured lesions or lesions in which the contralateral VA was hypoplastic; parent-vessel occlusions were used for other lesions. In this series, 16 stents (4 Bx stents, Cordis, Miami Lakes, Florida [before 2003]; 8 Neuroform and 2 Wingspan stents, Boston Scientific, Natick, Massachusetts; and 2 LEO stents, Balt, Montmorency, France) were deployed for 14 aneurysms with additional coils (Guglielmi detachable coil, Boston Scientific; Orbit, Cordis; and Microplex, MicroVention, Aliso Viejo, California) used to fill 7 aneurysms. Eight patients underwent endovascular parent vessel occlusion without a bypass procedure. If a stent was placed, patients were administered 325 mg clopidogrel and 300 mg aspirin orally 2 hours before the endovascular procedure for ruptured lesions and 75 mg clopidogrel and 300 mg aspirin orally at least 3 days before the endovascular procedure for unruptured lesions. Patients were each maintained on the same dosage daily for at least 4 weeks, and aspirin was continued indefinitely.
Results
All VA-PICA aneurysms were dissecting. Clinical and radiographic results are summarized in the Table. Sixteen patients had ruptured VA-PICA aneurysms, whereas 6 had unruptured lesions. On MR imaging, intramural hematoma was a major finding in 3 patients, and intimal flap, in 12. Cerebral angiography demonstrated a double lumen in 2 patients, tapered narrowing or occlusion with or without aneurysm dilation in 15, and retention of contrast medium in 5.
Ruptured VA-PICA Aneurysms
Sixteen patients presented with SAH. The HH scale grades were the following: 1 in 4, 2 in 5, and 3 in 7. No patient required insertion of a ventriculoperitoneal shunt for normalpressure hydrocephalus post-SAH. The lesion was successfully treated through endovascular occlusion of the VA in 6 patients. After treatment, the PICAs filled well via the contralateral VA as demonstrated on follow-up angiography at 4 months. Three lesions were stented only, and 7 lesions were embolized with coils after stent placement.
Unruptured VA-PICA Aneurysms Six patients had unruptured VA-PICA aneurysms, 2 patients were managed with stent-only, 2 were managed with stent-coil embolization, and 2 were treated with unilateral VA occlusion. Among these patients, 4 had symptoms of brain stem ischemia. One patient initially experienced transient loss of consciousness but fully recovered without any neurologic deficits.
There were no treatment-related complications or neurologic deterioration during or after treatment. All patients were clinically followed up at a mean of 37 months (range, 6 -84 months). All patients who were treated by the endovascular method had a favorable outcome. Ten patients (45%) underwent follow-up conventional angiography at a mean of 9 months (range, 3-18 months). In 8 of these 10 patients, follow-up angiograms revealed complete resolution of the dilation with reconstruction of the VA. In 1 patient who was treated by double stents with coiling for a ruptured VA-PICA aneurysm, a 9-month follow-up angiogram revealed minimal contrast media filling outside the stent. In the other patient who was treated by double-stent placement, a 4-month follow-up angiogram revealed in-stent occlusion of the VA.
Illustrative Cases
Case 11. A 42-year-old woman was referred with SAH. MR imaging showed intramural thrombus on T1-weighted images and intimal flap on T2-weighted images. Immediate cerebral angiography demonstrated a left VA-PICA aneurysm. The left PICA was well filled through the right VA. Endovascular coil occlusion of the left VA was performed, and the posttreatment angiograms showed nearly complete obliteration of the aneurysmal lumen.
Case 12. A 59-year-old woman presented with sudden severe headache and vomiting, followed by loss of consciousness. CT performed on admission exhibited massive SAH (Fig 2) . Cerebral angiographic studies performed on the same day demonstrated fusiform dilation of the right VA associated with the PICA origin. The right PICA was well filled through the left VA. Endovascular coil occlusion of the right VA was performed on day 2 postadmission. The patient gradually recovered.
Discussion
During recent decades, considerable improvement has occurred in endovascular techniques for posterior circulation aneurysms. [4] [5] [6] 9 Aneurysms of the VA-PICA represent only 0.5%-3% of all aneurysms and 20% of those in the posterior fossa. 5 In our series, there was a male predominance (68.2%) and all aneurysms were fusiform, but the incidence of dissecting VA-PICA aneurysm is not well known. However, the entity is being recognized with increased frequency and is particularly common in adult patients. Several series studying surgically treated patients have been published, but they have focused on major morbidity and mortality. [1] [2] [3] 7, 10, 11 Surgery for VA-PICA aneurysms has unique difficulties in clipping the neck because of the deep location of aneurysm and its close relationship with the lower brain stem and lower cranial nerves. 1, 10, 11 Dysphagia, hoarseness, diplopia, lateral medullary syndrome, and aspiration pneumonia have been reported as postoperative complications of VA-PICA aneurysm surgery. 1, 3 The main obstacles are the jugular tubercle, occipital condyle, and lower cranial nerves. 10, 11 LCNP is especially significant after surgery for aneurysms located at the PICA origin (ie, VA-PICA aneurysms). The incidence of lower cranial nerve dysfunction reported in the literature after VA-PICA aneurysm surgery varies from 10% to 45%. 1, 3 With the advent of alternative options to treat patients with aneurysms (eg, endovascular therapy), accurate assessment of the frequency, severity, and outcome of lower cranial nerve dysfunction is crucial. 4 VA-PICA aneurysms have been reported much less frequently, however. 4, 5 Apart from a few cases mentioned in a series on VA-PICA aneurysms, the natural history, treatment, and outcome of VA-PICA aneurysms has rarely been analyzed. A review of VA-PICA aneurysms in patients presenting with SAH included 52 patients treated by direct surgery with a death rate of 50% and a good recovery in only 25% of patients. 1 Bragg and Duckworth 3 reported 6 patients with dissection of the BA, 1 of whom died of catastrophic recurrent hemorrhage. The other 5 patients were treated conservatively, with 3 eventually making a good recovery. In these literature re- views, the neurosurgery for VA-PICA aneurysms thus carried significant morbidity and death, whether the patients presented with ischemia or SAH.
VA aneurysms often present with SAH, with rebleeding and consequent death being frequent. Early treatment seems essential for improving prognosis in these patients. 12 However, surgery for aneurysms of the VA-PICA traditionally has been performed in a delayed fashion, several days to weeks after SAH. 1 Treatment of an arterial dissection by endovascular stent-supported coil embolization has been described. 9 Ongoing advances in endovascular techniques ultimately may make stent placement with or without coil embolization one of the best management strategies for these lesions. Both the clinical course and the therapeutic approach for an unruptured VA-PICA aneurysm are complex. Ischemic symptoms from VA-PICA aneurysms initially were characterized by a grave neurologic condition. In patients with VA-PICA, lateral medullary syndrome is a common clinical presentation of brain stem ischemia. 8 In our series, 3 of 5 patients with ischemia had severely impaired consciousness on admission. Although 21 patients recovered quite well from initial symptoms, the remaining patient without SAH could not return to previous activities. All VA-PICA aneurysms were packed suboptimally to maintain patency of the parent vessel.
Most important, lesions caused by dissection often resolved spontaneously. Byrne et al 4 achieved stable angiographic aneurysm occlusion in 86% of small and large aneurysms; recurrent filling occurred in 14.7% of 259 aneurysms. Aneurysm recurrence was associated with bleeding risk, ranging from 0.6% to 2.4% during the first 3 years after aneurysm embolization. Clinical follow-up in 22 patients with neurologic deficits was reported to reveal spontaneous recovery in 21 and improvement in 1. Although the exact mechanisms of progression in this subcategory remain unclear, several researchers have indicated that these dissections form a spectrum of vascular abnormalities ranging from small fusiform aneurysms to symptomatic giant so-called dolichoectatic aneurysms. 8 When these lesions involve the BA, they may cause serious progressive brain stem compression or ischemia.
Conclusions
VA-PICA aneurysms are rare lesions associated with significant morbidity, and endovascular treatment strategies for these lesions were stent deployment with or without coil embolization and VA occlusion. Favorable clinical outcomes can be achieved with endovascular techniques. 
